Orange spotted spinefoot Siganus guttatus is a popular tasty high-value finfish in the Philippines that is now widely cultured in brackishwater ponds. A 60-day culture of S. guttatus in brackishwater pond fed with different diets was undertaken to come up with an appropriate feeding protocol and to verify previously conducted studies on feeding management adopted. The fish were fed with commercial diet, filamentous algae Chaetomorpha linum and combination of commercial diet + filamentous algae. After the experiment, growth and survival were evaluated. Fish fed with commercial diet only and combination of commercial + filamentous algae had significantly higher absolute growth rate at 0.44g day -1 and 0.43g day -1 respectively and specific growth rate at 1.54% day -1 and 1.53% day -1 respectively. Growth in terms of total length followed an exponential curve for fish fed with commercial diet with R-squared value of 0.98. Fish fed with commercial diet and filamentous algae separately got the highest survival at 100%. Results verify that co-feeding with filamentous algae is highly feasible in terms of growth. This would decrease commercial feed consumption substantially reducing operational cost as algae can be simultaneously grown in empty ponds with very minimal input.
Introduction
Studies on the potentials of aquaculture of siganids in the Philippines were pioneered by Ablan and Rosario in the 1960s. Since then research on the culture and biology of various species of siganids increased. One of the commercially cultured species in the country is Siganus guttatus (orange spotted spinefoot) or locally known as "kitong". The species is very well adapted for aquaculture because it can maintain high reproduction in captivity, subsists on the lower trophic level of the food chain being principally herbivore and most importantly high market acceptability (Lam, 1974) . It is cultivated in many different systems such as tanks, sea pens and floating cages as well as in brackishwater ponds (Duray, 1998) . It can also be cultured with other fish like milkfish and saline tilapia and sometimes with shrimps and crabs. Culture of siganids with milkfish is favourable; algae attached to the cages are consumed by siganids, thus cleaning the cages and subsequently improving water circulation inside the cages. Several studies were conducted to improve the culture system of the species. Abalos (1999) investigated three stocking densities (50, 100 and 200 m 2-1 ) and two feeding schemes (commercial diet only given at progressively reduced feeding rate at 10, 8, 6, 5% and combination of commercial diet at 5% biomass and seaweed Chaetomorpha linum fed to satiation) in river floating net cages. The results revealed no significant difference in growth and survival among the treatments. However, in terms of production, rearing of S. guttatus in floating cages at 200 m 2-1 with commercial feeds daily at 5% body weight plus seaweed fed to satiation had the highest net income and cost-benefit ratio. Another study was done by Soriano et al. (1999) to determine the effect of three feeding schemes (combination of commercial diet and seaweed Chaetomorpha linum, commercial diet only and seaweed Chaetomorpha linum only) on the growth and survival and economic viability of culture in floating net cages. They found out that there was no significant difference among the three feeding schemes tested. However, feeding management in brackishwater pond cultivation is not intensively studied. Therefore, development of appropriate feeding protocol in brackishwater pond culture is essential.
Objective
The main objective of the study was to determine the effects of different diet types on the growth, survival, biomass production and feed utilization of S. guttatus reared in brackishwater pond. The study verified the results of previous studies on S .guttatus feeding management in grow-out.
Materials and Methods

Experimental Design
The experiment utilized a complete randomized design with a total of three treatments: commercial diet, filamentous algae Chaetomorpha linum, commercial diet + filamentous algae. Rearing of S. guttatus juvenile lasted for 60 days. The experiment was conducted in BISU Calape-Calunasan Brackishwater Station.
Pond and Set Up Preparation
The pond has a total area of 0.02 ha (8 m x 27 m) with a depth of 1 m. Standard methods of pond preparation were observed. Tea seed was added at 100 ppm to eradicate naturally occurring predators in the mud and lime at 100 ppm was applied subsequently. Ponds were fertilized with urea and chicken manure at a rate of 100 ppm and 1500 ppm respectively. The incoming water was screened to prevent the entry of predators. Three hapa nets with dimension 1 m x 3 m were installed inside the ponds corresponding to the three treatments. Each hapa net was divided into three compartments with a dimension of 1 m x 1 m corresponding to the three replicates.
Stocking, Feeding and Water Quality Monitoring
Three-month old S. guttatus juveniles were obtained from Bureau of Fisheries and Aquatic Resources Central Visayas Regional Fisheries Research and Development Center (BFAR-CVRFRD) Region VII located in Bentig, Calape. The fish were acclimatized for two days before stocking in the individual compartments. The fish with initial weight of 17.30 g and length of 91.30 mm were stocked in the compartments at a rate of 20 individuals per m 3 . Stocking was done early in the morning. First feeding was done a day after based on 20% body weight. Dry weight of the diet types were the same in all treatments. Dry weight of filamentous algae C. linum was computed based on published proximate composition. Commercial feed for milkfish was utilized. The proximate composition is shown in Table 1 . Filamentous algae C. linum was obtained from BFAR-CVRFRD Region VII. Feeding rations were administered four times a day. Water quality parameters such as salinity, temperature and pH were monitored daily. Water exchange (25% of pond water) was done depending on the tidal fluctuations twice a week. 
Growth and Survival Monitoring
Weight of the fish was monitored every 15 days to assess growth and adjustment of amount of feed. The fish was harvested after 60 days and counted individually.
All individuals from each compartment were weighed using 1.00 g precision electronic balance and length measured using Vernier caliper to the nearest 0.01 cm. To estimate the specific growth rate (SGR), food consumption rate (FCR) and survival rate (SR), the following formulas were used: SGR = [(ln final weight − ln initial weight)/days] x 100. Where: ln = natural logarithm of final and initial weight. FCR = weight of feeds consumed/weight gained and SR = (recovered stocks/total stocks) × 100. Yield was also computed.
Statistical Analysis
All data were subjected to one-way ANOVA. Differences were considered significant at the p < 0.05 level. Post hoc was performed using Duncan's Multiple Range Test.
Results and Discussion
Water quality is very crucial in finfish aquaculture. Important water quality parameters such as pH, salinity and temperature were monitored twice a day, early in the morning and late in the afternoon to check fluctuations that could affect the results of the study. Within the duration of the experiment, the water quality parameters recorded were within the tolerable range for finfish culture in ponds; the pH was at 7.5-7.9, salinity was at 29-34 ppt and temperature at 29-31 o C.
Growth is the continuous increase in average weight of the fish. The simplest method of reporting growth is the absolute increase in weight or absolute growth rate and instantaneous growth expressed as specific growth rate (Hopkins, 1992) . Overall growth can also be measured by the total length (Riley et al., 2009 ). The growth measurement in terms of absolute growth rate and specific growth rate of S. guttatus is presented in Figure 1 . Fish fed with commercial diet only and combination of commercial + filamentous algae had significantly higher AGR (0.44g day -1 and 0.43g day -1 respectively) and SGR (1.54% day -1 and 1.53% day -1 respectively). In the current study, SGR is relatively lower compared to that of spinefoot rabbitfish Siganus rivulatus (2.04-2.61% day -1 ) reared in tanks at temperature of 27-32 o C (Saoud et al., 2006) but comparable to that of rabbitfish Siganus canaliculatus (1.88% day -1 ) cultured in sea net cages . The slow growth could be attributed to the culture system as this fish naturally inhabits sea grass areas.
The total length evolution of the fish from initial until day 60 in all treatment is presented in Figure 2 . Growth in terms of total length was linear. The higher the R-squared value, the faster the growth rate of the fish. Highest R-squared value at 0.99 in fish fed with commercial diet + filamentous algae and 0.98 in fish fed with commercial diet. Lowest R-squared value was computed in fish fed with filamentous algae at 0.87.
In terms of survival, fish fed with commercial diet and filamentous algae separately got the highest survival at 100% (Table 2) . Survival was relatively highercompared to that of S. guttatus cultured in floating net cages (Abalos, 1999; Soriano & Doria, 1999) . Highest yield was obtained in fish fed with commercial diet at 26.14 g m 2 .
The very low yield could be attributed to low stocking density of 20 individuals m 3-1 . Rabbitfishes are generally schooling in nature. Normally, the industry stocking density ranges from 50-150 individuals m 3-1 . According to Miranda (1984) , the suitable stocking rate in ponds is 50 fish m 2 . 
Conclusion
S. guttatus fed with commercial diet alone and combination of commercial diet and filamentous algae obtained the highest growth rate. Results verify that cofeeding with filamentous algae is highly feasible in terms of growth. This would reduce cost of feeds as algae can be simultaneously grown in empty ponds.
Recommendations
The same experiment could be conducted using different stocking density and its effect to growth, survival and yield. It is also interesting to undertake the same experiment in two set up pond culture and cage culture in the open sea. The use of dried filamentous algae Chaetomorpha linum could also be investigated. The rearing period could be extended to obtain bigger stocks during harvest at four pieces in a kilo.
